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SYSTEM AND METHOD FOR WATER
TREATMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application claims the benefit of U.S. Provi-
sional Patent Application Nos. 61/573,900, 61/573,957,

61/573,958, 61/573,956, 61/573,9535, 61/573,954, 61/573,
953 and 61/573,952, all filed on Sep. 14, 2011, the disclo-

sures of which are hereby incorporated by reference 1n their
entireties.

FIELD OF THE INVENTION

The present mvention 1s generally directed toward the
treatment of water and, more particularly, toward the treat-
ment of water containing large amounts of dissolved solids
as may result, for example, from use of the water as a
fracking fluid used in drilling gas wells. However, the
embodiment proposed herein may be used 1n any situation
where impurities to be removed from water exist.

BACKGROUND OF THE INVENTION

Ensuring a supply of potable water has been a frequent
concern in many locations. Further concerns arise about the
environmental impact of the disposal of contaminated water.

Conventional water treatment techniques for such pur-
poses as, for example, municipal water treatment and/or
obtaining potable water from sea water are known and are
successiul 1n many instances. However, some current activi-
ties show those techniques to have limited cost effectiveness.

For example, miming with water used to fracture rock or
shale formations to recover natural gas (e.g., 1n the shale
regions 1n the United States and western Canada, including,
but not limited to, Pennsylvamia, Maryland, New York,
Texas, Oklahoma, West Virginia and Ohio) requires a very
large amount of water mnput and a significant amount of
return (tlowback) water that contains a great deal of con-
taminants and impurities. In order for this flowback water to
be used 1n an environmentally responsible manner, 1t needs
to be relatively free of contaminants/impurities. Water used,
for example, 1n natural gas well drilling and production may
contain organic materials, volatile and semi-volatile com-
pounds, oils, metals, salts, etc. that have made economical
treatment of the water to make 1t potable or reusable, or even
readily and safely disposable, more diflicult. It 1s desirable
to remove or reduce the amount of such contaminants/
impurities 1n the water to be re-used, and also to remove or
reduce the amount of such contaminants/impurities in water
that 1s disposed of.

The present invention 1s directed toward overcoming one
or more of the above-identified problems.

SUMMARY OF THE INVENTION

The present invention can take numerous forms among,
which are those in which waste water containing a large
amount of solids, including, for example, dissolved salts, 1s
pressurized to allow considerable heat to be applied before
the water evaporates, and 1s then subjected to separation and
recovery apparatus to recover relatively clean water for
reuse and to separate solids that include the atore-mentioned
dissolved salts. In some instances, the concentrated solids
may be disposed of as 1s, e.g., 1n a landfill. Where that 1s not
acceptable (e.g., for reasons of leaching of contaminants),
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2

the concentrated solids may be supplied to a thermal,
pyrolytic, reactor (referred to herein as a “crystallizer”) for
transforming them into a vitrified mass which can be placed
anywhere glass 1s acceptable.

Particular apparatus for systems and processes in accor-
dance with the present invention can be adapted from
apparatus that may be presently currently available, but
which has not been previously applied in the same manner.
As an example, conventional forms of flash evaporation
equipment, such as are used for treating sea water, in one or
in multiple stages, may be applied herein as a salts concen-
tration apparatus. Likewise, conventional forms of gasifica-
tion/vitrification reactors, such as are used for municipal
solid waste (“MSW?”) processing including, but not limited,
to plasma gasification/vitrification reactors, may be applied
for final separation of the contaminants from the water and
for initial heating of the waste water.

The present disclosure presents examples of such systems
and processes 1n which, 1n one or more successive concen-
tration stages, steam output of a flash evaporator used to
concentrate salts 1s supplied, for example, at atmospheric
pressure (14.7 psia or 1 atm), to a preheater for incoming
water to be heated prior to flash evaporation.

A method for treating waste water 1s disclosed, the
method 1ncluding the steps of: (a) receiving waste water at
a first pressure and a first temperature, the waste water
comprising dissolved solids, volatile organic compounds
and other components generally and collectively called
impurities; (b) pressurizing the received waste water to a
second pressure greater than the first pressure; (¢) heating
the pressurized waste water to a second temperature greater
than the first temperature, wherein said heating step pro-
duces distilled water and pressurized/heated waste water
without boiling of the waste water across heat transier
surfaces; and (d) removing dissolved solids from the pres-
surized/heated waste water by evaporation caused by
depressurization of the waste water to produce steam and
brine water, wherein the brine water has a total dissolved
solids content greater than a total dissolved solids content of
the recerved waste water.

In one form, step (¢) may include the steps of: (cl)
preheating the pressurized waste water to a third temperature
greater than the first temperature but less than the second
temperature without boiling of the waste water across heat
transier surfaces, wherein said preheating step produces the
distilled water; and (c2) further heating the pressurized/
preheated waste water to the second temperature without
boiling of the waste water across heat transifer surfaces
betore applying the removing step.

The first pressure may be approximately 0.8-1.2 atm
(preferably approximately 1.0 atm), and the first temperature
may be approximately 48-72° F. (preferably 60° F.).

The second pressure may be approximately 8-12 atm
(preferably 10 atm), and the second temperature may be
approximately 240-360° F. (preferably 300° F.).

In another form, the steam produced by step (d), when
cooled, produces distilled water. Additionally, the steam
produced by step (d) may be used as a heat source 1n at least
one of steps (b) and (c).

In a further form, steps (a)-(d) comprise a stage, and
wherein the method 1s performed 1n multiple stages with the
brine water output by step (d) mn one stage used as the
received waste water 1n step (a) of a next stage. The brine
water output in step (d) of each stage has a total dissolved
solids content that 1s higher than that of a previous stage.

In yet a further form, the method further includes the steps
of: (e) crystallizing the brine water to produce a solid mass
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of waste product and steam. The steam produced by step (e)
may be used as a heat source in at least one of steps (b) and
(¢). A plasma crystallizer using a plasma torch may be used
to crystallize the brine water. The solid mass of waste
product may include a vitrified glass of the salts 1n the brine
walter.

In still a further form, the method further includes the
steps of: (b') prior to step (b), removing the volatile organic
compounds from the received waste water, wherein the
removed volatile organic compounds are used as a heat
source by the plasma torch to crystallize the brine water. The
steam produced by step (e) may be used as a heat source 1n
step (b').

A system for treating waste water 1s also disclosed, the
system 1ncluding: a pump receiving waste water at a first
pressure and a first temperature and pressurizing the
received waste water to a second pressure greater than the
first pressure, the waste water comprising dissolved solids,
volatile organic compounds and other components generally
and collectively called impurities; a preheater receiving the
pressurized waste water from the pump and preheating the
pressurized waste water to produce distilled water and
pressurized/preheated waste water without boiling of the
waste water across heat transier surfaces; a heater heating
the pressurized/preheated waste water to a second tempera-
ture greater than the first temperature to produce pressur-
1zed/heated waste water without boiling of the waste water
across heat transier surfaces; and an evaporator removing
dissolved solids from the pressurized/heated waste water by
evaporation caused by depressurization of the waste water to
produce steam and brine water, wherein the brine water has
a total dissolved solids content greater than a total dissolved
solids content of the received waste water. The evaporator
may include a flash evaporator.

The first pressure may be approximately 0.8-1.2 atm
(preferably approximately 1.0 atm), and the first temperature
may be approximately 48-72° F. (preferably 60° F.).

The second pressure may be approximately 8-12 atm
(preferably 10 atm), and the second temperature may be
approximately 240-360° F. (preferably 300° F.).

In one form, the steam produced by the evaporator may
include distilled water. The steam produced by the evapo-
rator may be used as a heat source by at least one of the
preheater and the heater.

In another form, the pump, preheater, heater and evapo-
rator comprise a stage, and wherein the system comprises
multiple stages with the brine water output by one stage used
as the received waste water of a next stage. The brine water
output by each stage has a total dissolved solids content that
1s higher than that of a previous stage.

In a further form, the system further includes a crystallizer
crystallizing the brine water to produce a solid mass of waste
product and steam. The steam produced by the crystallizer 1s
used as a heat source by at least one of the preheater and
heater. The solid mass of waste product may include a
vitrified glass of the salts in the brine water.

In yet a further form, the crystallizer includes a plasma
crystallizer and includes a plasma torch for vaporizing the
water Irom the brine water and producing the solid mass of

waste product and steam.

In still a further form, the system further includes a
stripper mitially receiving the waste water and removing
volatile organic compounds from the waste water prior to the
waste water being pressurized by the pump, wherein the
removed volatile organic compounds are used as a heat
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4

source by the plasma torch to crystallize the brine water. The
steam produced by the crystallizer may be used as a heat
source by the stripper.

Further explanations and exemplary embodiments of vari-
ous aspects of the present invention are presented in the
following disclosure.

It 1s an object of the present invention to provide a system
and method for the economic and environmental treatment
ol waste water.

Various other objects, aspects and advantages of the

present invention can be obtained from a study of the
specification, the drawings, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Further possible embodiments are shown 1n the drawings.
The present mvention i1s explamned in the following 1in
greater detail as an example, with reference to exemplary
embodiments depicted 1n drawings. In the drawings:

FIG. 1 1s a generalized schematic diagram of an exem-
plary system for water treatment in accordance with the
present 1nvention;

FIGS. 2, 3 and 4 are schematic flow diagrams of particular
examples of various stages of a treatment system 1n accor-
dance with the present invention;

FIG. 5 1s a schematic flow diagram of an exemplary
thermal reactor for use 1n a water treatment system in
conjunction with elements such as those shown i FIGS.
2-4, 1 accordance with the present invention; and

FIGS. 6 and 7 are schematic diagrams ol exemplary
embodiments of alternative systems that may be applied 1n
conjunction with other commercial systems available for
waste water treatment in accordance with the present inven-
tion. The other commercial systems available for waste
water treatment are currently not able to treat the waste
water completely enough for environmental purposes since
they result 1n significant amount of concentrated discharge
which 1s diflicult to properly dispose of 1n accordance with
environmental standards.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Retferring to FIG. 1, a general overview of the inventive
system and corresponding process 1s shown generally at 5.
As shown 1 FIG. 1, waste water 1s supplied via a conduit 10
to a preheater 12 (e.g., a shell and tube heat exchanger) in
which the imitial waste water 1s heated by steam that 1s
supplied through a conduit 14. A portion of the treated waste
water exits the preheater 12 as distilled water via an outlet
conduit 16. Other examples presented and described below
illustrate pressurization of the waste water before it 1s
preheated, which offers advantages that will be described.
Also, more than one preheater 12 1n series and/or parallel
flow configurations may be utilized without departing from
the spirit and scope of the present invention. Further, the
preheater(s) 12 may utilize steam from different sources,
¢.g., steam from the heater 20 (as shown 1n FIG. 1) or excess
stcam from the crystallizer 80, (see FIG. 5), etc.

The portion of the heated waste water that does not exit
the preheater 12 as distilled water 16 exits the preheater 12
via conduit 18 and 1s supplied to a further heater (or heat
exchanger) 20. The heater 20 receives steam supplied
through a conduit 22 that exits the heater 20 via conduit 14
and 1s supplied to the preheater 12.

The heated waste water exits the heater 20 via a conduit
24 and 1s supplied to a subsystem 26, herein referred to as
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a Salt Recovery System (“SRS”). Examples of equipment
for the SRS 26 and their operation will be described sub-
sequently herein. One principal function of the SRS 26 1s to
utilize (or consume) heat represented as an mput 28 that
volatilizes water from the waste water stream (and possibly
some other water input) to form steam supplied to the heater
20 via conduit 22. Another function of the SRS 26 1s to
separate out (or at least concentrate) salts of the waste water
that are supplied from the heater 20 via condwt 24 and

produce salt product(s) at an output 30.
The salt products 30 of the SRS 26 may be 1n the form of

a solid mass or within a brine solution subjected to dispo-
sition or other treatment. Alternatively, as will be described,
the SRS 26 may include apparatus for vitrification of the salt
products, or the apparatus for vitrification of the salt prod-

ucts may be included as an additional component.
FIGS. 2, 3 and 4 will be individually discussed, but first

their general relation to each other 1 an exemplary multi-
stage system will be described. FIG. 2 shows Stage #1. This
first stage takes 1n waste water at an inlet 40, processes 1t and
produces lirst stage brine water at an outlet 54 of the first
stage. The first stage brine water from the outlet 54 1s 1nput
to the second stage shown 1n FIG. 3 (Stage #2) for additional
processing, and a resulting second stage brine water 1s
produced as an output at outlet 64. Similarly, the brine water
from outlet 64 of the second stage 1s supplied as an 1nput to
the third stage shown 1n FIG. 4 (Stage #3) that has additional
processing, resulting 1n a third stage output of brine water at
an outlet 74.

It will be seen and appreciated by one skilled in the art
how the processing of waste water through the successive
stages of FIGS. 2, 3 and 4 increase the concentration of salts
in the brine water (e.g., Total Dissolved Solids—*“TDS”). It
will also be appreciated how the number of stages 1s a
variable that can be chosen according to various factors
including, but not limited to, the salts content of the original
waste water and the desired salt content after concentration.
In general, a system 1n accordance with these exemplary
embodiments may include any one or more stages such as
are shown, for example, 1n FIGS. 2-4. The examples pre-
sented herein are merely 1llustrative of systems and methods
that may be chosen not merely for good technical perior-
mance but also for reasons relating to economic factors, such
as, for example, 1mitial capital cost and operating cost, as
well as convenience factors, such as, for example, space
requirements and portability. While three stages are shown
and described herein, one skilled 1n the art will appreciate
that any number of stages may be utilized depending on the
particular application without departing from the spirit and
scope of the present mvention.

Each of the FIGS. 2-5, merely by way of further example
and without limitation, are described 1n this specification,
and iclude legends, including numerical values (all of
which are merely representative approximations and are not
necessarily exact technical values and/or calculations). Fur-
ther, these legends are not necessarily the only suitable
values that represent the nature and characteristics of mate-
rials as applied to, aflected by, and resulting from the
operations of the exemplary system(s). Not all such legends
will be repeated 1n this text, although all form a part of this
disclosure and are believed understandable to persons of
ordinary skill 1n water treatment and thermal processes. As
appreciated by one skilled i the art, such data are some-
times referred to as heat and maternial balances. It 1s specifi-
cally to be understood and will be appreciated by one skilled
in the art that the various values indicated in the legends may
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have a tolerance of +20%, as they are representative
approximations and not exact technical values.

Referring to FIG. 2, which shows Stage #1, waste water
at the inlet 40 1s supplied at approximately a pressure of 1
atm and a temperature of 60° F., with 20% TDS to a
condenser 44 through a pump 42. The waste water 40 1s
pressurized by the pump 42 and processed by the condenser
44 (which may be a series of heat exchangers that may
utilize steam from different sources, e.g., steam from pre-
heater 46 as shown in FIG. 2 and/or excess steam from
crystallizer 80 (see FIG. 5)) and the preheater 46 (which may
be a series of heat exchangers to optimize the heat transier
between the steam and the waste water) to a pressure of
approximately 10 atm and a temperature of approximately
300° F. at an 1nlet 48 to a flash evaporator 50. Under certain
operating conditions, the steam addition from the crystal-
lizer 80 may be negative, 1.e., steam 1s sent as excess to the
crystallizer 90 for other uses (e.g., as a heat source for the
stripper 100).

The level of pressurization of waste water 1n all Stages 1s
such that there 1s no boiling of the waste water inside and
across the heat exchanger surfaces of both the condenser 44
and preheater 46. This 1s done to prevent the formation of
deposits (scales, fouling, etc.) on the heat exchanger sur-
taces. The condenser 44 also outputs clean, distilled water at
output 49 that 1s generally free from contaminants/impuri-
ties. The flash evaporator 50 generates steam from the waste
water at outlet 52, which may be applied to the preheater 46.
The flash evaporator 50 also processes the waste water 48
and outputs a brine water from another outlet 54 that has
salts concentrated to about 27% TDS.

FIG. 3 shows Stage #2. The second stage takes the output
54 from the first stage (F1G. 2) as its input and, similarly to
processing in the first stage, the brine water mput 54 1s
supplied at approximately a pressure of 1 atm and a tem-
perature of 60° F., with 27% TDS to a condenser 38 through
a pump 56. The brine water 54 1s pressurized by the pump
56 and processed by the condenser 38 (which may be a
series ol heat exchangers that may utilize steam from
different sources, ¢.g., steam from preheater 60 as shown 1n
FIG. 3 and/or excess steam from crystallizer 80 (see FIG. 5))
and the preheater 60 (which may be a series of heat
exchangers to optimize the heat transier between the steam
and the waste/brine water) to a pressure of approximately 10
atm and a temperature of approximately 300° F. at an 1nlet
61 to a flash evaporator 62. Under certain operating condi-
tions, the steam addition from the crystallizer 80 may be
negative, 1.€., steam 1s sent as excess to the crystallizer 90 for
other uses (e.g., as a heat source for the stripper 100). The
condenser 58 also outputs clean, distilled water at output 59
that 1s generally free from contaminants/impurities. The
flash evaporator 62 generates steam from the brine water at
outlet 63, which may be applied to the preheater 60. The
flash evaporator 62 also processes the brine water 61 and
outputs a brine water from another outlet 64 that has salts
further concentrated to about 37% TDS.

Likewise, in FIG. 4 showing Stage #3 of the overall
example system, the third stage takes the output 64 from the
second stage (FIG. 3) as 1ts input and, similarly to processing
in the first/second stages, the brine water input 64 1s supplied
at approximately a pressure of 1 atm and a temperature of
60° F., with 37% TDS to a condenser 68 through a pump 66.
The brine water 64 1s pressurized by the pump 66 and
processed by the condenser 68 (which may be a series of
heat exchangers that may utilize steam from diflerent
sources, €.g., steam from preheater 70 as shown i FIG. 4
and/or excess steam from crystallizer 80 (see FIG. 5)) and
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the preheater 70 (which may be a series of heat exchangers
to optimize the heat transfer between the steam and the
waste/brine water) to a pressure ol approximately 10 atm
and a temperature of approximately 300° E. at an inlet 71 to
a tlash evaporator 72. Under certain operating conditions,
the steam addition from the crystallizer 80 may be negative,
1.€., steam 1s sent as excess to the crystallizer 90 for other
uses (e.g., as a heat source for the stripper 100). The
condenser 68 also outputs clean, distilled water at output 69
that 1s generally free from contaminants/impurities. The
flash evaporator 72 generates steam from the brine water at
outlet 73, which may be applied to the preheater 70. The
flash evaporator 72 also processes the brine water 71 and
outputs a brine water from another outlet 74 that has salts
turther concentrated to about 51% TDS.

The mnputs and outputs of the individual stages can all be
simply at 1 atm or at a pressure chosen by the process
operator to optimize energy utilization within the process.
Advantage can be taken within each stage to pressurize the
inputs to the respective tlash evaporators 50, 62, 72 to about
10 atm. The level of pressurization in all Stages 1s such that
there 1s no boiling (nucleate or other type) of the waste water
inside and across the heat exchanger surfaces of both the
condensers and preheaters of each Stage. This prevents the
formation of deposits (scales, fouling, etc.) on the heat
exchanger surfaces and reduces the requirement for cleaning
of the heat exchangers. This results 1n the reduction of the
operating cost. In this example, such an increase 1n pressure
can result in a temperature of about 300° F. mput to the flash
evaporators 30, 62, 72 for quicker, more eflicient separation
and concentration 1n the respective flash evaporator 50, 62,
72.

The results from any of FIGS. 2-4 vield less amounts of
respective outputs for disposition to be concerned with and
processed. Namely, for each 5000 Ibs/hr of input 40 of Stage
#1 (FIG. 2), the corresponding output 54 1s only 3653 1bs/hr,
including all of the salts 1n the mput 40. Sumilarly, Stage #2
(FIG. 3) goes from 3653 lbs/hr at 1ts input 54 to 2669 lbs/hr
at 1ts output 64, which Stage #3 (FIG. 4) goes from 2669
Ibs/hr at 1ts mput 64 to 1950 lbs/hr at its output 74.

That reduction 1n mass of the three stages (which equals
about 60% less than the original input) 1s significant and
meritorious for economical and eflective treatment. The
exemplary system described herein includes multiple (three)
concentration stages (FIGS. 2-4) that are substantially alike
in the combination of equpment used. However, other
exemplary systems with multiple concentration stages may
have individual stages of more varied combinations of
equipment as will be appreciated by one of ordinary skill 1n
the art.

Examples of additional aspects of the present invention
will be described herein with reference to FIG. 5. FIG. 5
represents an exemplary embodiment of applying the output
brine water (line 74) of the Stage #3 treatment (FI1G. 4) to a
plasma crystallizer 80. The plasma crystallizer 80 1s an
example of a known thermal reactor that can be used to
finish separation of water from the salts dissolved therein.
One skilled in the art will appreciate, however, that other
thermal reactors may also be used without departing from
the spirit and scope of the present invention. The example of
a plasma reactor, which can be consistent with known
plasma gasification/vitrification reactors, operated with one
or more plasma torches 82, as 1s well-known 1n published
literature, 1s believed to provide opportunmity for a favorable
cost-benefit ratio.

In general, in the exemplary system 3 with multistage
concentration, the plasma crystallizer 80 (or other reactor) 1s
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typically utilized after the final concentration stage when the
output brine water has been concentrated to the desired
level, as described 1n the above example. It can also be
suitable to have a multistage system not only for salts
concentration (as 1 FIGS. 2-4), but also a separation sub-
system with a reactor (e.g., plasma crystallizer 80) after any
individual one of the early concentration stages (e.g., after
either, or both, of Stages #1 and #2). However, 1t 1s generally
more cost eflective to have a single separation subsystem
alter the last of a determined number of concentration stages
cllective for the desired separation.

In general, any thermal reactor may be used to separate
the salts and the water. A reactor operated to produce
disposable salts (referred to herein as a “crystallizer”) is
generally suitable. Where the salts have toxicity, 1t 1s desir-
able to operate the reactor 1n a manner so they are vitrified
or made 1nto glass. Accordingly, any reference to a crystal-
lizer herein can also include a vitrifier.

As shown 1n FIG. 5, the crystallizer 80 has a salts output
at an outlet 83 that 1s equivalent to the total salts content of
the original waste water. The water input to the system 1s
now recovered as clean, distilled water from condensers of
the respective stages, ol FIGS. 2-4, or else recovered directly
from steam exiting the crystallizer.

FIG. 5 shows the crystallizer 80 has a salts output at an
outlet 85 equivalent to the total salts content of the original
waste water. The water output of the total system 1s now
recovered as clean, distilled, water from the condensers 44,
58, 68 of the respective Stages of FIGS. 2-4, and/or may be
recovered directly from steam exiting the crystallizer 80.

FIG. 5 shows how steam from the crystallizer 80 can be
redirected back to the respective earlier Stages of FIGS. 2-4.
The steam output from the crystallizer 80 at line 81 may be
provided back to the various Stages #1, #2 and #3 and used
for heating by the respective heaters and preheaters therein.
Also, FIG. 5 shows an “Excess Steam to Stripper” of a
certain amount at line 90. This steam 90 1s used 1n a stripper
100 which 1s utilized to remove, for example, Volatile
Organic Compounds (“VOCs™) from the waste water belore
processing. Some excess steam from the crystallizer 80 may
also be used for other purposes, e.g., to preheat the mnput
waste water 1n a condenser.

Belore treatment in the Stages shown in FIGS. 2-4, the
incoming waste water 10 1s first, in this exemplary embodi-
ment, sent to the stripper 100 where the steam 90 1s used to
remove VOCs from the waste water 10. Alternatively, the
excess steam 90 may be used to preheat air 1n a separate
heater first (not shown), and then the heated air can be used
in the stripper 100. The stripped waste water 40 1s sent as
teed waste water to the pump 42 in Stage #1 shown in FIG.
2. The VOCs which are removed from the waste water 10
exit the stripper 100 through a conduit 105 which connects
to the plasma crystallizer 80 (directly or after the VOCs are
condensed out 1n a separate condenser and then fed as liquid
through the conduit 1035 to the plasma crystallizer 80). The
VOCs are fed 1n front of the plasma torch 82 such that they
intensely mix with the high temperature gases exiting from
the plasma torch 82. The plasma torch 82 1s operated using
appropriate gas (e.g., air, oxygen, hydrogen, etc.) that will
aid 1n, or result in, the complete destruction of the VOCs.
The VOCs are substantially converted to carbon dioxide and
stecam. The heat generated by this conversion of VOCs to
carbon dioxide and steam 1s utilized 1n the plasma crystal-
lizer 80, along with the heat iputted through the plasma
torch 82, to vaporize the water from the brine water 74. This
reduces the amount of heat and corresponding amount of
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clectricity utilized 1n the plasma torch 82 of the crystallizer
80, thus increasing 1ts cost eflectiveness.

The steam exiting the plasma crystallizer 80 1s, 1n this
exemplary embodiment, periodically vented to the atmo-

sphere via condwt 110. This helps keep the levels of 5

non-condensable gases low enough such that they do not
degrade the performance of the heat exchangers used in the
inventive system and process.

FIGS. 6 and 7 1illustrate examples of alternatives to the
previously described systems and methods and will be only
briefly described 1n addition to the legends on the figures
themselves. These examples utilize, with additional
improvements described herein, other commercial systems
avallable for waste water treatment which, alone, are cur-
rently not able to treat the waste water completely since they
result 1n a significant amount of concentrated discharge that
1s diflicult to dispose of properly.

For example, FIG. 6 shows a system 3' in which an
Enhanced AltelaRain>" system 200, or similar system uti-
lized to treat waste water, 1s between the preheater 12 and
the heater 20 1n which the concentrated salts discharge of the
AltelaRain>" system 200 is heated prior to being introduced
into the plasma system 26 (which may be similar to that
shown and described with respect to FIG. 5). The Enhanced
AltelaRain>” system is commercially available and is
described 1n published literature and will not be described
herein, other than that its known use concentrates waste
water for discharge into an external treatment unit or for
downholing, 1.e., putting it into ground below an aquifier.

FIG. 7 shows a still different system 3" including an
Enhanced EVRAS™ System 300 prior to mtroduction of a
concentrated discharge (brine water) to the plasma system
26. Here, too, the EVRAS™ system 1s commercially avail-
able and 1s described in published literature. Similar to the
AltelaRain> system, it is known to be used to concentrate
waste water for discharge into an external treatment unit or
for downholing.

It 1s therefore seen that systems and processes 1 accor-
dance with the present invention can make use of known and
available components (such as, for example, flash evapora-
tors for concentration of salts and plasma (or other) gasifier
reactors for crystallization (or vitrification) of the salts) in
particular innovative ways with 1nsight as to both the capital
cost and the operating cost. A need for such cost effective
water treatment has been heightened by practices, such as,
for example, the use of large amounts of water 1n natural gas
drilling. However, the present invention may be used 1n any
situation where 1mpurities to be removed exist.

In general summary, but without limitation, the present
invention can be characterized in the following ways, for
example: A system, and a corresponding method, in which
waste water 1s supplied to one or more stages of equipment
including a pump for pressurizing the water (e.g., to at least
about 10 times atmospheric pressure), a heater that heats the
pressurized water well above normal boiling temperature, a
flash evaporator, or other device, that receives the heated,
pressurized water and results 1n fluid evaporation and con-
centration of solids that were 1n the waste water, and, for
instances 1n which the brine water with concentrated solids
cannot be otherwise readily and sately disposed of, a thermal
or pyrolytic reactor 1s provided to crystallize or otherwise
yield a form of the solids that can be readily and safely
disposed of. In one form, such a reactor may also be applied
as a heater for the original incoming waste water. Also, or
alternatively, such a reactor may be used to form a vitrified
glass of the salts output of any water treatment system that
produces a brine water.
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It will be apparent to those skilled 1n the art that numerous
modifications and variations of the described examples and
embodiments are possible 1n light of the above teachings of
the disclosure. The disclosed examples and embodiments
are presented for purposes of illustration only. Other alter-
nate embodiments may include some or all of the features
disclosed herein. Therefore, 1t 1s the intent to cover all such
modifications and alternate embodiments as may come
within the true scope of this mvention, which 1s to be given
the tull breadth thereof. Additionally, the disclosure of a
range ol values 1s a disclosure of every numerical value
within that range.

I claim:
1. A method for treating waste water comprising the steps

of:

(a) receiving waste water at a first pressure between
0.8-1.2 atm and a first temperature between 48-72° F.,
the waste water comprising dissolved solids and vola-
tile organic compounds;

(b) pressurizing the received waste water to a second
pressure between 8-12 atm;

(¢) heating the pressurized waste water to a second
temperature between 240-360° F., wherein said heating
step produces a distilled water and a pressurized/heated
waste water without boiling of the waste water across
heat transfer surfaces;

wherein step (¢) comprises the steps of:

(c1) preheating the pressurized waste water to a third
temperature greater than the first temperature but less
than the second temperature without boiling of the
waste water across heat transfer surfaces, wherein
said preheating step produces the distilled water and
a pressurized/preheated waste water; and

(c2) further heating the pressurized/preheated waste water
to the second temperature to produce the pressurized/
heated waste water without boiling of the waste water
across heat transier surfaces:

(d) evaporating the pressurized/heated waste water i an
evaporator to remove dissolved solids by evaporation
caused by depressurization of the waste water to pro-
duce a first steam and a brine water, wherein the brine
water has a total dissolved solids content greater than a
total dissolved solids content of the received waste
water; and

(¢) crystallizing the brine water to produce a solid mass of
waste product and a second steam, wherein the crys-
tallizing step uses a plasma torch to crystallize the brine
water.

2. The method of claim 1, wherein the first steam pro-

duced 1n step (d) 1s cooled to produce distilled water.

3. The method of claim 1, wherein the first steam pro-
duced 1 step (d) 1s used as a heat source 1n at least one of
steps (b) and (c).

4. The method of claim 1, wherein steps (a)-(d) comprise
a stage, and wherein the method 1s performed in multiple
stages operating in series with the brine water output by step
(d) 1n one stage used as the recerved waste water 1n step (a)
ol a next stage, and wherein the brine water output by step
(d) 1n a last stage 1s mput to the crystallizer at step (e).

5. The method of claim 4, wherein the brine water output
in step (d) of each stage has a total dissolved solids content
that 1s higher than that of a previous stage.

6. The method of claim 1, wherein the second steam
produced by step (e) 1s used as a heat source 1n at least one

of steps (b) and (¢).
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7. The method of claim 1, wherein the plasma torch 1s
operated using a gas that aids in the complete destruction of
the volatile organic compounds.

8. The method of claim 1, further comprising the steps of:

(b") prior to step (b), removing the volatile organic com-
pounds from the received waste water, wherein the
removed volatile organic compounds are used as a tuel
by the plasma torch to crystallize the brine water.

9. The method of claim 8, wherein the second steam

produced by step (e) 1s used as a heat source in step (b').

10. The method of claim 1, wherein the solid mass of
waste product comprises vitrified glass of the salts 1n the
brine water.

11. A system for treating waste water comprising:

a pump receiving waste water at a first pressure between
0.8-1.2 atm and a first temperature between 48-72° F.
and pressurizing the received waste water to a second
pressure between 8-12 atm, the waste water comprising,
dissolved solids and volatile organic compounds;

a preheater operatively connected to the pump and receiv-
ing the pressurized waste water from the pump and
preheating the pressurized waste water to a third tem-
perature between 240-360° F. greater than the first
temperature but less than a second temperature to
produce a distilled water and a pressurized/preheated
waste water without boiling of the waste water across
heat transfer surfaces:

a heater operatively connected to the preheater and heat-
ing the pressurized/preheated waste water to the second
temperature to produce a pressurized/heated waste
water without boiling of the waste water across heat
transier surfaces;

an evaporator operatively connected to the heater and
removing the dissolved solids from the pressurized/
heated waste water by evaporation caused by depres-
surization of the waste water to produce a first steam
and a brine water, wherein the brine water has a total
dissolved solids content greater than a total dissolved
solids content of the received waste water; and

a crystallizer operatively connected to the evaporator and
crystallizing the brine water to produce a solid mass of
waste product and a second steam,
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wherein the crystallizer comprises a plasma crystallizer
and 1ncludes a plasma torch for vaporizing the water
from the brine water and producing the solid mass of
waste product and steam.

12. The system of claim 11, wherein the evaporator
comprises a tlash evaporator.

13. The system of claam 11, wherein the first steam
produced by the evaporator 1s cooled by preheater to pro-
duce the distilled water.

14. The system of claam 11, wherein the first steam
produced by the evaporator 1s provided to at least one of the
preheater and heater 1s used as a heat source by at least one
of the preheater and heater.

15. The system of claim 11, wherein the pump, preheater,
heater and evaporator comprise a stage, and wherein the
system comprises multiple stages operating in series with
the brine water output by one stage used as the recerved
waste water ol a next stage, and wherein the brine water
output by a last stage 1s input to the crystallizer.

16. The system of claim 15, wherein the brine water
output by each stage has a total dissolved solids content that
1s higher than that of a previous stage.

17. The system of claim 11, wherein the second steam
produced by the crystallizer 1s provided to at least one of the
preheater and heater and 1s used as a heat source by at least
one of the preheater and heater.

18. The system of claim 11, wherein the plasma torch 1s
operated using a gas that aids in the complete destruction of
the volatile organic compounds.

19. The system of claim 11, further comprising a stripper
initially receiving the waste water and removing the volatile
organic compounds from the waste water prior to the waste
water being pressurized by the pump, wherein the removed
volatile organic compounds are used as a fuel by the plasma
torch to crystallize the brine water.

20. The system of claim 19, where the second steam
produced by the crystallizer 1s provided to the stripper and
1s used as a heat source by the stripper.

21. The system of claim 11, wherein the solid mass of
waste product comprises vitrified glass of the salts 1n the
brine water.
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